Highlight: Net and solar radiation, and wind were measured during parts of 1968 and 1969 on a pinyon-juniper site in southwestern Utah. Treatments were chaining-with-debris windrowed, chaining-with-debris-in-place, and undisturbed woodland. Net radiation on the chain-windrow treatment and chain-debris treatment averaged 71 and 91%, respectively, of that measured on undisturbed woodland. Albedo values averaged 13 and 12% for the 2 years on woodland plots, 21 and 19% on the chain-windrow treatment, and 13 and 14% on the chain-debris treatment. Roughly 3 miles of wind (as measured at approximately mid-canopy height) occurred on the chained treatments for every 1 mile measured in the woodland.
The pinyon-juniper (yinus sp.-Juniper-us sp.) type extends over approximately 60 million acres in the western United States (Dortignac, 1960) . The trees have been removed over several hundred thousand acres by chaining, burning, bulldozing, or spraying. Grass was artifically seeded on some sites, but native species (shrubs and grasses) were allowed to naturally seed other sites.
The study was designed to provide some preliminary data on microclimatic changes that occur when trees are removed from pinyon-juniper sites about 40 miles southwest of Milford in southwestern Utah.
Methods and Site Description
The study site was chained (using a large anchor chain between two tractors) in the fall of 1967. were not moved about but remained at or very near the same position for the duration of the study (Fig. 1) Highest net radiation values were measured over the control treatment, followed by the chain-with-debris-in-place treatment. The chain-with-windrow treatment gave the lowest net radiation values. Net radiation in the chain-with-windrow treatment averaged 7l%(range was 48 to 85%) of that measured on the woodland plot. Net radiation on the chain-with-debris-inplace treatment averaged 91% (range was 80 to 105%) of that measured on the woodland plot.
The above results are somewhat expected. The net radiation (R,) of a surface is the algebraic sum of the downward flux of solar radiation (Rsd) from sun and sky, the downward infrared or thermal radiation flux (Rid) from the atmosphere, and the upward flux of reflected solar radiation (R,,), and the upward infrared radiation flux (R,,) from the surface. Thus:
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The downward fluxes hd and Rid are controlled by atmospheric conditions and are usually rather constant except under partly cloudy skies. The magnitude of R,, is dependent on the reflective properties of the surface, the ratio of outgoing (reflected) solar radiation to incoming being referred to as the albedo (a). Thus:
The flux of Ri, is dependent primarily on radiation emitted by the surface, but the reflected part of the downward infrared radiation is also included. Using the absorptivity or emissivity E, the &fan-Boltzmann constant c and the fact that surface temperature (T,) governs radiation emitted by the surface, then Ri,=~~T,,4+(1-~)Rid.
(3) If we can assume that E = 1 (usual range 0.95 to 0.98 for natural surfaces), then combining and rearranging (I), (2), and (3) gives
Examination of (4) will show that net radiation is dependent on the albedo and surface temperature if downward components (Rrd, Rid) are somewhat constant. These conditions were closely approximated in this study. It will be seen later that albedo of the chain-with-windrow treatment was considerably higher than that measured on the other two treatments. Presence of debris scattered about on the debris-inplace treatment would tend to reduce albedo, as would the presence of standing trees.
Influence of surface temperature differences on net radiation in this study is not known at this time, but Federer (1968) has found in the Northeastern states that variations in surface temperature and albedo were about equally important in affecting net radiation. Baumgartner (1965) and Tremble and Simanton (1969) have found that net radiation values over open areas may be only about 60% of that measured over a forest canopy. Tajchman (1971) found that total net radiation over a spruce forest in Germany was 20% greater than that over alfalfa and 16% greater than that over potatoes.
Solar Radiation
An example of values for incoming and reflected shortwave for two periods is shown in Figure 3 . Data were also available for the periods August 10 to September 5 and October 1 to October 31, 1968. During the 1968 measurement period, the albedo (ratio of reflected to incoming shortwave) of the chain-with-windrow treatment averaged 21% (range of 16 to 26%), or not quite twice the albedo of the chain-with-debrisin-place treatment (average 13%, range 7 to 20%) and the woodland (average 13%, range 9 to 21%).
The above relationship held for the 1969 measurements also. Albedo of the chain-with-windrow treatment averaged 19% (range of 12 to 25%), as compared with 14% for the chain-with-debris-in-place treatment (range of 9 to 23%) and 12% for the control treatment (range of 4 to 22%). Some slight changes are to be expected, as vegetation increased somewhat on both chaining treatments. Figure 4 gives some idea of the magnitude of change in reflected solar radiation which may be expected following a snow storm. No data are available for incoming solar radiation. The increased reflectivity in response to snow is greatest in the chain-with-window treatment, intermediate in the chain-withdebris-in-place treatment, and least in the control treatment.
Results of both net radiation and albedo measurements agree closely with those of Hornbeck (1970) , who compared the radiant energy of clearcut and forested sites in West Virginia. ment periods in 1968 and 1969 . Albedo values averaged 13 and 12%, respectively, for the 2 years on woodland plots, 21 and 19% on the chain-with-windrow treatment, and 13 and 14% on the chain-with-debris-in-place treatment. Presence of debris on the ground in the debris-in-place treatment tended to bring albedo values close to those measured on woodland plots, at least during snow-free periods. Following a snow storm, the amount of reflected solar radiation increased most of the chain-with-windrow treatment and least on the woodland treatment.
Wind
Average miles of wind per day at mid-canopy height on each treatment as averaged over approximately 2-week periods were analyzed for July 14 to November 30, 1968 and for April 4 to July 11, 1969. Relationships were similar for both 1968 and 1969. In general, for each mile of wind recorded in woodland plots at mid-canopy height, approximately 3 miles was recorded on each of the two chaining treatments. Slightly more wind was recorded during all time intervals on the chain-with-windrow treatment than on the chain-with-debrisin-place treatment.
As might be expected, wind (as measured at approximately mid-canopy height) was greatest where standing trees were absent. Roughly 3 miles of wind occurred on chained treatments for every 1 mile measured in the woodland.
Summary
The objective of this study was to provide some preliminary information regarding microclimatic changes that may occur when a pinyon-juniper site is significantly altered by removal of trees. This paper has provided some insight regarding net radiation differences, albedo differences, and wind relationships.
Net radiation measurements were greatest over the natural pinyon-juniper woodland. Net radiation on the chain-withwindrow treatment and chain-with-debris-in-place treatment averaged 7 1 and 9 l%, respectively, of that measured on the woodland plot. Part of the difference is due to a higher albedo on the chain-with-windrow treatment. Average albedo values varied only slightly during measure- 
